ABSTRACT: Twelve Hereford steers (average BW = 231 kg) that had previously grazed native rangeland (Range) or irrigated winter wheat pasture (Wheat) were allowed to graze locoweed-infested rangeland from April 1 to June 9, 1994 (six steers/previous grazing treatment). Relative consumption level of locoweed and other forage classes was measured as observed bites per steer. Liver biopsy and whole blood samples were obtained from each steer before and after grazing. Liver samples were analyzed for several minerals by inductively coupled plasma-atomic emission spectroscopy, and whole blood samples were analyzed for Se. Liver concentrations of Ba ( P < .001), Cd ( P < .001), Ca ( P < .01), Cr ( P < .01), Ni ( P < .001), Na ( P < .01), and V ( P < .001) were greater and concentrations of Mn ( P < .09), P ( P < .01), and K ( P < .07) were less in Wheat than in Range steers. Liver concentrations of Fe, Mg, S, and Zn and whole blood Se concentrations did not differ ( P > .10) between the two groups. Liver concentrations of Cr ( P < .04) and Mn ( P < .001) were less, and Fe concentrations were greater ( P < .01), in samples taken after grazing than in samples taken before grazing of locoweed-infested range. Whole blood Se concentrations decreased ( P < .01) from the beginning to the end of the grazing period, but this effect was not related ( P > .15) to locoweed consumption. Changes in liver concentrations of minerals were compared relative to consumption levels of all forage classes in the locoweed-infested range. Liver concentrations of Cu decreased ( r 2 = .45; P < .02) as the percentage of bites consumed as locoweed increased, but concentrations after grazing locoweed-infested range were still within normal ranges. Changes in liver concentrations of other minerals were not related ( P > .15) to consumption of locoweed. These data indicate that previous grazing history can have significant effects on liver mineral stores and that, under our conditions, consumption of locoweed by grazing beef steers altered liver Cu concentrations. Toxic effects of locoweed consumption would likely occur before Cu deficiency would be induced by grazing locoweed-infested range; hence, supplementation of Cu would seem unlikely to alter the course of locoweed toxicosis.
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Introduction
Locoweeds ( Astragalus and Oxytropis genera) are toxic plants that occur commonly on rangelands in the Western United States. Many species within these genera contain the indolizidine alkaloid swainsonine. Swainsonine inhibits aspects of glycoprotein metabolism (Broquist, 1985) , resulting in a variety of changes in serum chemistry (Pulsipher et al., 1994) and the neurological changes most often associated with locoism. Significant economic losses to beef cattle producers can occur as a result of decreased weight gain (M. H. Ralphs, unpublished data) and effects on reproductive efficiency (abortion and birth of weak or dead calves; Ralphs et al., 1994) .
The role of mineral nutrition in the development of locoweed toxicity is largely unknown, despite the fact that mineral mixtures have been claimed to alleviate the toxicity (Bachman et al., 1992) . Serum Fe concentrations decreased within 7 d of consumption of diets containing 20% locoweed ( Oxytropis sericea) by beef heifers; however, serum Ca, P, Na, K, and Cl concentrations were not affected by locoweed consumption (Bachman et al., 1992) . For many minerals, liver stores provide more useful information than serum concentrations, but data regarding effects of locoweed consumption on mineral concentrations in the liver are not available. Our objective was to determine the effects of previous grazing treatment and the relative consumption levels of locoweed on the concentrations of several minerals in the livers of beef steers grazing locoweed-infested rangeland.
Materials and Methods
Animals and Grazing Treatments. The grazing treatments and study site were described in detail by Ralphs et al. (1996) . Briefly, 11 Hereford steers were allotted randomly to one of two grazing treatments on January 10, 1994. One group of six steers (average BW ± SE = 183 ± 12 kg) grazed a 24-ha pasture of irrigated winter wheat pasture ( Wheat) , and a second group of five steers (average BW ± SE = 204 ± 20 kg) grazed an adjacent native rangeland pasture ( Range; predominantly blue grama [Bouteloua gracilis]; approximately 24 ha) at the Clayton Livestock Research Center ( CLRC) in Clayton, NM. The wheat pasture had been fertilized with N (67.2 kg/ha), P (33.6 kg/ha), S (11.2 kg/ha), and Zn (6.2 kg/ha) in late August and drilled with 79.8 kg/ha of TAM 105 variety wheat seed in early September 1993. Wheat steers grazed in common with a larger group of 81 crossbred steers. Both Wheat and Range groups had free-choice access to a mineral supplement (Gunter et al., 1993) . The mineral mixture contained (as-fed basis) 28.83% dicalcium phosphate, 21.80% magnesium oxide, 20.24% plain salt, 15.37% limestone, 2.33% trace mineral premix (contained 4.4% Mn, .3% I, .2% Co, 6.6% Fe, 1.3% Cu, 12.0% Zn, and 20% Mg), 2.03% animal/vegetable fat, .1% zinc sulfate monohydrate, .08% copper sulfate, .07% manganous oxide, and .01% potassium iodide. Consumption of the free-choice mineral by the two groups was not measured. Range steers were fed .45 kg/steer daily (as-fed basis) of a protein supplement (98% soybean meal:2% molasses) for the duration of the grazing period. From March 10, 1994, to the end of the grazing period, Wheat steers were fed .45 kg/steer every other day of a steam-flaked milo-based supplement that provided 100 mg of monensin to control frothy bloat.
On March 29, 1994, steers in both groups were gathered and moved to a working facility at the CLRC to obtain liver biopsy samples. At this time, one additional Hereford steer (182 kg) was added to the Range group. This steer had concurrently grazed a native rangeland pasture located within 1 km of the pasture grazed by the other five steers in the Range group and had been fed the same protein supplement. Liver biopsy samples were obtained by a practicing veterinarian (M. N. Reif) using a 14-gauge, 15.24-cm needle biopsy instrument and the procedure described by Wiske et al. (1993) . After biopsy, each steer was given a 30-mL i.m. injection of penicillin G to prevent infection. Biopsy samples were stored frozen until the completion of the locoweed grazing phase of the study and collection of a subsequent liver biopsy sample. In addition to liver biopsy samples, a 10-mL sample of whole blood was collected by puncture of the coccygeal vein for analysis of Se (Schering Plough Anim. Health Tech. Services, Elkhorn, NE; atomic absorption spectroscopy via hydride generation). General animal care procedures used in the experiment followed guidelines suggested by the Consortium (1988) .
Steers in both groups (Wheat = 236 ± 18 kg; Range = 226 ± 18 kg) were transported to a locoweed-infested rangeland site (four 3.4-ha pastures; two pasture replications/previous grazing treatment) approximately 16 km south of Des Moines, NM. Details of the study site and forage availability measurements were reported by Ralphs et al. (1996) . All steers had free access to the same mineral supplement that was fed during the previous grazing period, but consumption of this mineral was not measured. The locoweedgrazing portion of the study began on April 1 and concluded June 9, 1994. Bite counts of cool-and warmseason grasses, forbs, and locoweed ( Oxytropis sericea) were measured as described by Ralphs et al. (1996) during two periods, April 1 to 22 and April 24 to June 9. Samples of each forage class were obtained on April 1, May 11, and June 9 by hand-clipping 10, .25-m 2 plots along a paced transect in each of the four pastures. One steer in the Wheat group was removed from the experiment on May 24, 1994, because of chronic bloat problems. This steer was transported to the working facility at the CLRC, and a liver biopsy sample was taken from this steer on the day of removal. Liver biopsy and whole blood samples were taken from the remaining 11 steers at the end of the locoweed-grazing period after transport to the CLRC; biopsy and blood sampling procedures were the same as described for the initial samples. Average BW ( ± SE) of Wheat and Range groups after grazing the locoweed-infested pastures was 234 ± 7 and 226 ± 17 kg, respectively.
Both initial ( Before) and final ( After) biopsy samples were sent as one group to the Animal Health Diagnostic Laboratory at East Lansing, MI for analysis of mineral concentrations. Briefly, each biopsy sample was placed into a 15-mL Teflon container (Savillex, Minnetonka, MN), dried for 4 h at 95°C, and cooled to room temperature. Dried samples, which weighed between 1 and 10 mg, were weighed to the nearest .01 mg by transferring to a tared weigh paper, after which samples were returned to the original Teflon containers. Concentrated nitric acid (.25 mL) was added to the Teflon container, the container was capped tightly, and the sample was digested overnight at 95°C. The digest was quantitatively transferred with water (18 meg ohm; Millipore four-bowl purification system; Millipore, Bedford, MA) to a 5-mL volumetric flask and brought to volume with water. Samples were analyzed by inductively coupled plasma-atomic emission spectroscopy (Thermo Jarrell-Ash Polyscan 61E Simultaneous/Sequential ICP; Thermo Jarrell Ash, Franklin, MA) interfaced to an ultrasonic nebulizer (Cetac U-5000 Ultrasonic Nebulizer with ATX-100 auto-tuning power supply; Cetac Technologies, Omaha, NE). All biopsy-sample analyses were compared with three blank digests and with a standard (Bovine Liver SRM 1577a; National Institute of Standards and Technology [NIST], Gaithersburg, MD) digested in a manner to provide tissue-sample size and element amounts equivalent to those of the biopsy samples. The accuracy of the calibration curve was verified by analysis of certified reference material (NIST multielement Mix A-1 SRM 3171a and multielement Mix B SRM 3172) diluted to 1 mg/L in 5% (vol/vol) nitric acid.
Whole blood Se analysis on samples taken after steers grazed locoweed-infested range was conducted (atomic absorption spectroscopy via hydride generation) by the Texas A & M Veterinary Medical Diagnostic Laboratory in Amarillo. Samples of each forage class (warm-and cool-season grasses, forbs, and locoweed) collected at three sampling dates were composited across the four pastures and analyzed for concentrations of various minerals by inductively coupled plasma-atomic emission spectroscopy after a nitric-peroxide digest (Utah State University Analytical Laboratories, Logan).
Statistical Analyses. Liver mineral concentrations
and whole blood Se data were analyzed by split-plot analysis of variance using the GLM procedure of SAS (1987). Ralphs et al. (1996) reported no effect of pasture on bite count data collected at the locoweed study site, and the four pastures were consistent with respect to locoweed density; hence, individual animals were considered as experimental units. Previous grazing treatment (Range and Wheat) was in the main plot and was tested by animal within treatment. Effects of locoweed grazing (Before and After) were in the sub-plot and were tested by residual error. Standard errors for main-effect means were calculated as described by Gill (1986) . Effects of locoweed consumption on changes in liver mineral and whole blood Se concentrations (After minus Before) were evaluated by stepwise regression procedures of SAS (1987) , with mineral concentration changes as the dependent variable and percentage of bites from each of the four forage classes and dummy variables for previous grazing treatment and the interaction of previous grazing treatment × percentage of bites from each forage class as possible independent selections.
Results and Discussion
Previous Grazing Treatment and Locoweed Consumption. At the beginning of the locoweed-grazing phase of the study in early April, average BW were 233 and 226 kg for Wheat and Range steers, respectively. At the conclusion of locoweed grazing in early June, BW averaged 234 and 226 kg, respectively, indicating little or no BW gain during the grazing period. This lack of BW gain was presumably the result of locoweed intoxication. Average consumption of locoweed (percentage of bites) was high in both groups (Table 1) . During the first measurement period (April 1 to 22), Range steers began consuming locoweed approximately 1 wk earlier than Wheat steers (treatment × day of grazing interaction, P < .01) and consumed more locoweed ( P < .01) than the Native steers (Ralphs et al., 1996) . In the second measurement period (Table 1) , locoweed consumption as a percentage of bites was less than during the first period, presumably because of increased availability and consumption of actively growing warm-season grasses (Ralphs et al. 1993) . Additional details of effects of previous grazing treatment on locoweed consumption are provided by Ralphs et al. (1996) .
Liver Mineral and Whole Blood Selenium Concentrations. Previous grazing treatment and sampling time relative to locoweed grazing did not interact ( P > .10) for most of the minerals evaluated; hence, main-effect means are shown in Table 2 . Wheat steers had greater liver concentrations (milligrams per kilogram of DM) of Ba ( P < .001), Cd ( P < .001), Ca ( P < .01), Cr ( P < .01), Ni ( P < .001), Na ( P < .01), and V ( P < .001) than Range steers, whereas liver concentrations of Mn ( P < .09), P ( P < .01), and K ( P < .07) were less in Wheat than in Range steers. Concentrations of Fe ( P < .14), Mg ( P < .73), S ( P < .26), and Zn ( P < .99) did not differ between Wheat and Range steers, nor did whole blood Se concentrations ( P < .41). The large number of significant differences in liver mineral concentrations in steers from these two grazing treatments presumably reflects differences in retention of minerals resulting from the type of forage consumed because the two groups grazed in adjacent pastures with the same soil type, and all calves (except one replacement calf in the Range group) had been born and raised until weaning on the same ranch near Des Moines, NM. Nonetheless, a liver sample was not taken before initiation of grazing by the two groups; hence, one cannot rule out the possibility that differences in liver mineral concentrations between the two groups reflected initial differences in liver mineral concentrations that were present before grazing treatments were imposed. Table 2 . Main effects of previous grazing treatment and sampling time (before and after grazing locoweed) on liver mineral (mg/kg of DM) and whole-blood selenium (ppb) concentrations in beef steers grazing locoweed-infested native rangeland a Range and Wheat = grazing native rangeland or irrigated winter wheat pasture, respectively, before grazing locoweed-infested native rangeland.
b Samples were taken just before the steers began to graze locoweed-infested native rangeland on April 1, 1994, and just after the end of locoweed grazing on June 9, 1994.
c Observed significance level of main-effect means. Liver concentrations of Cr ( P < .04) and Mn ( P < .001) were less in After samples than in Before samples, whereas liver Fe concentrations were greater ( P < .01) in After than in Before samples. No other liver minerals were affected by sampling time. Whole blood Se concentrations were less ( P < .01) in After than in Before samples; however, regression analysis indicated that this effect was not related ( P > .15) to percentage of bites of any of the four forage classes, previous grazing history, or interactions of previous grazing history with consumption of the four forage classes.
For Cu ( P < .06) and Mo ( P < .07), a previous grazing treatment × sampling time interaction was detected, and simple-effect means are presented in Table 3 . Concentrations of Cu did not differ ( P > .74) in liver biopsy samples taken before initiation of locoweed grazing, with only a slightly greater liver Cu concentration (12.5 mg/kg) for Range than for Wheat steers. After locoweed grazing, effect of previous grazing treatment on liver Cu concentration also was not significant ( P > .23), but the difference between the two groups was approximately 58 mg/kg of Cu, Figure 1 . Change in liver Cu concentration (after locoweed grazing minus before locoweed grazing) vs locoweed consumption (percentage of bites) in beef steers grazing locoweed-infested native rangeland. Table 3 . Simple effects of sampling time (before and after grazing locoweed) and previous grazing treatment for liver copper and molybdenum concentrations (mg/kg of DM) in beef steers grazing locoweed-infested native rangeland a Samples were taken just before the steers began to graze locoweed-infested native rangeland on April 1, 1994, and just after the end of locoweed grazing on June 9, 1994.
b Range and Wheat = grazing native rangeland or irrigated winter wheat pasture, respectively, before grazing locoweed-infested native rangeland.
c,d Means differ ( P < .02). and the direction of the difference was reversed relative to samples taken before locoweed grazing. This interaction between previous grazing treatment and sampling time might reflect the greater consumption of locoweed by Wheat steers than by Range steers (Table 1) , and, as will be discussed in a subsequent section, percentage of bites consumed as locoweed was related to change in liver Cu concentration. Liver concentration of Mo was less for Wheat than for Range steers ( P < .02) in biopsy samples taken before locoweed grazing, but essentially equal between the two groups after locoweed grazing. Again, reasons for this interaction with Mo are not readily evident.
Of the 14 minerals analyzed, consumption of locoweed (percentage of bites) was related only to the change (After minus Before) in liver concentrations of Cu. The liver concentration of Cu decreased as percentage of bites from locoweed increased ( r 2 = .45; S y,x = .02; P < .02; Figure 1 ). Effects of other forage classes, and dummy variables for previous grazing treatment and the interaction of previous grazing treatment × percentage of bites from the four forage classes were not significant ( P > .10) for Cu.
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Implications
Our results with steers grazing native rangeland and irrigated wheat pasture indicate that previous grazing history of beef cattle can significantly affect liver concentrations of minerals. As more information on liver concentrations of minerals becomes available, consideration of previous grazing history might be a useful tool in formulation of mineral supplementation programs for beef cattle. Under our conditions, liver stores of copper decreased as percentage of bites consumed as locoweed increased in grazing beef steers. Further research is needed to determine whether this response in liver copper is a general effect of locoweed consumption.
